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The artificial SIMS broadening observed on the 13 C depth profiles of buried doped diamond epilayers was eliminated and replaced by a boxlike 13 C depth profile. Applied to boron delta-doped diamond structures, this analysis has resolved edge widths close to 0.3 nm/dec, as compared with 1.5 nm/decade on the raw SIMS data.
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Diamond has several excellent characteristics, superior to those of other semiconductors, e.g., Si 1 and SiC. The high breakdown voltage and high temperature operation of diamond have strongly 2 motivated research aiming at the development of next-generation high-power devices. 1) More in line 3 with the optical properties that have given diamond its value as a jewel, modern diamond research is 4 also focused on photonics and spintronics related to colour centers, e.g., NV centers in diamond. [2] [3] 5
Both types of application require the availability of very thin doped layers (boron or nitrogen-doped) in 6 the range of nanometer thickness, the so-called "delta structures", [3] [4] [5] as well as the possibility to 7 characterize such ultrathin epilayers. 8 Secondary ion mass spectrometry (SIMS) is commonly used to obtain depth profiles of dopant profiling methods such as elastic recoil detection (ERD) 7) , atom probe tomography 8) given crystalline orientation and surface roughness), local isotopic substitution (or "isotopically pure 9 growth") must be employed, similar to the case of silicon ( 28 Si / 30 Si). 12) Isotope substitution is the ideal 10 control experiment to extract the best DRF fit, because it introduces only a negligible difference in 11 mass (same recoiling effect) and no additional crystalline strain (same lattice parameter). In diamond, 12 carbon is found with two stable isotopes: 12 C and 13 C, and isotopically modulated epitaxial multilayers 13 have been grown. 13) Once the DRF expression is known for carbon in diamond, from an isotopic delta- 14 substituted structure, we can apply this function to determine the deconvoluted dopant depth profile for 15 both nitrogen and boron, with a negligible error, because of the small difference in mass among boron, 16 carbon, and nitrogen. Putting aside the influence of ionization ratios, this is similar to the case of 17 phosphorus in silicon, while the situation of boron-doped silicon would resemble that of phosphorous-18 doped diamond, where the depth profiles can be deconvoluted using the DRF of carbon with a possible 19 correction factor taking into account the effects induced by the mass difference 14) and ionization ratio 20 difference.
21
However, recording an accurate DRF is difficult since it requires an extremely thin substituted layer requires strict conditions such as a flat surface, no chemical diffusion in the matter, and a 1 crystalline substrate. 14) Diamond epitaxial multilayer stacks fulfill these requirements. 2 According to experiments in silicon, 15) the SIMS depth profile corresponding to an isotopic delta-3 doped layer is not a sharp rectangular-shaped profile, but an arrangement of a Gaussian-like rounded 4 top with exponentials rising and trailing edges. In this study, we use an analytical expression of the 5 DRF proposed by Dowsett et al., 14) which results in the convolution of a double exponential, governed 6 by λ up and λ down parameters, with a Gaussian function, where σ is related to the full width at half 7 maximum, as follows: 
18
A delta-doped layer has a finite thickness, in contrast to the Dirac delta function, which is a 19 mathematical object. As shown in Fig. 1(b note that in the gas phase, the concentration of 13 C was only about twice that of boron. Finally, the top 11 layer, i.e., cap layer, was grown at NIMS with isotopic-enriched methane to overgrow 50 nm of 12 intrinsic diamond. The surface RMS roughness was close to 1 nm after the growth of the whole stack. 13 No particular etching-back process including either oxygen or hydrogen was applied. 5) Thus, we report 14 on a delta layer structure composed of isotopic carbon ( 13 C) and boron. 15 The synchronized boron and isotopic carbon diamond delta structure has been analyzed with a 16 Cameca IMS 4f apparatus with 14.5 keV Cs + primary ions in GEMaC, by collecting the negative 17 secondary ions. 13 C and 11 B depth profiles exhibit a similar behavior (Figs. 2 and 3) , the boron 18 incorporation following that of 13 C from methane, as expected. This observation illustrates the 19 similarity in the fast kinetics of carbon and boron incorporation during growth.
20
The SIMS depth profile of 13 C intensity was fitted first (see Fig. 2 ) by the convolution of the 21 depth resolution analytical function, eq. (1), and self-consistently with a rectangular function, already 22 described in Fig. 1(b) . The set of parameters used to create the DRF is shown in Table I , where δ 23 represents the substituted structure thickness, i.e., the width of the rectangular function. profile was found to be 5 to 7 times sharper than before; the initially measured 1.5 nm/dec rising edge 1 became 0.3 nm/dec after fitting. This fitting gave the possibility of detecting a depth shift between the 2 concentration profiles of carbon and boron atoms (see Fig. 3 ). This could be coming from the late 3 boron incorporation (an 1.6 nm-thick edge shift corresponds to a delay of 20 s for the gas mixture to 4 reach the nominal boron concentration on the diamond-growing surface) at the beginning of the boron-5 delta layer growth, and from the residual boron contamination during the intrinsic cap-layer overgrowth. 6 In summary, we succeeded in extracting the depth resolution function (DRF) from a 7 synchronized B and 13 C diamond delta structure. By DRF deconvolution treatments, the broadening 8 induced by ion mixing has been reduced; the SIMS resolution has been improved and reached the 9 nanometer range. This allows a more reliable characterization by SIMS of nanometer-thin diamond-10 embedded layers, containing specific doping (boron, nitrogen, or phosphorus), over many orders of 11 magnitude in concentration. For these reasons, the isotopic diamond delta structure is a powerful 12 calibration tool for SIMS. 
